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A B S T R A C T 
 
Agriculture has undergone significant changes since the industrial revolution. The 
industrial age and the market economy have moulded agriculture in their image just as 
much as the characteristics and tools of the information age have recently been 
transforming its previous operation. Information and communication technology (ICT) 
take-up in agriculture remains low, and the reasons behind this barely changed in the last 
20-30 years. Information technologies are regarded as mediating channels and a vehicle 
for new services. It is important to research the various aspects of adoption of new 
information technology, and also not only the use, but the “effective use” of it (Gurstein, 
2003). Information-intensive agriculture is fundamentally determined by information, 
knowledge and the decision-making farmers, in effect the human factor; therefore, studies 
aimed at the improvement of the situation of agriculture with ICT tools must be centred 
on the human element. 
1. Introduction 
Information has a central role in our modern way of living and agriculture is no exception: to be 
successful in farming requires gaining, processing, using and evaluating a huge amount of information 
(policy, markets, new methods etc.). Farmers are working in an information-intensive environment and 
numerous studies have showed that information and communication technologies (ICT) can play a vital 
role in realizing benefits with more effective information management in the farm level.  
The supply chain in agriculture not only means the flow of products and income but also that of 
information (Niderhauser et al., 2008). The toolkit of the information society, information communication 
technologies (ICT) offers new opportunities for efficient operation, decision-making and adaptation to the 
environment (Herdon, 2009). This, however, can only work successfully if certain conditions are met. The 
potential opportunities can only be exploited to an optimum under the right circumstances, and it is also 
important that they are harmonised with the previously used farm management practice, or else the much-
awaited success will suffer.  
The purpose of the study is to identify the barriers of widespread adoption of ICT among farmers, 
mainly analyzing the information flow, information strategies, information literacy and the characteristics 
of the farm and the farmer. The author provides an overview of the literature and sets up a theoretical 
framework of the factors affecting the information strategies (and therefore also the use of ICT) of the 
farmers.  
2. Information flow and the farm manager 
Agriculture has undergone significant changes since the industrial revolution: one of the most 
important ones is market orientation (strictly speaking in the developed world we can only find farms 
producing for the market or at least partly for the market), but standardised solutions, economies of scale 
and automation have also become widespread, and this is only partly the result of the flow of the labour 
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force into the cities. The industrial age and the market economy have moulded agriculture in their image 
just as much as the characteristics and tools of the information age have been transforming its previous 
operation. At the same time, the fundamental cyclical nature of agricultural operation is unchanged. In 
order to shape, form and refine raw nature industrial characteristic have come to dominate agriculture 
which is now one of the industries.   
Farming has been placed in a new framework these days: farm managers have had to increasingly 
devote attention and interact with the external world (environmental effects, quality requirements, 
standards, and documentation) – see for example the documentation necessary when applying for EU-
funds. Besides land, labour and capital, sufficient information has become a critical factor for agricultural 
businesses. Agricultural management and producers are both dependent on a comprehensive, information-
rich environment, since without it they could easily lose their competitive edge.      
Modelling the agricultural decision-making process and information flow is nothing new. The primary 
objective of studies aimed at creating models is to determine why a given group of farmers behave the 
way they do (Gladwin, 1989). With the help of models support and knowledge that contribute to more 
efficient operation and better decision-making can be provided for farmers.     
Information and knowledge are inseparable since the most important input in decisions originates from 
the stratum of information (i.e. given potentials, already acquired knowledge, and finding additional 
information necessary for making decisions). Information flow, or the lack of it, as well as its intensity 
and knowing about the circumstances of a given farm and its manager might provide a comprehensive 
picture about the decision-making process and thus the character of a farm.     
Sörensen and his associates (2010) conducted interviews and based on them drew the following 
information cloud around the farm manager, a so-called rich picture of factors that influence and shape 
decisions (Figure 1.).  
 
Figure 1. Farm management, the “rich picture” (Sörensen et al., 2010) 
Important factors for the decision-maker of a farm to find his way in the above information 
environment not only include the numerous opportunities for interaction and information sources but also 
the used channels and the quality of information.  
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2.1 The quality of information and used channels 
In a traditional approach information channels can be grouped into: 
 Personal network (suppliers, extension service, other farmers, markets, events) 
 Printed media (books, encyclopaedias, maps, almanacs, newsletters, advertisements)  
 Electronic media (TV, radio, websites, databases, services on cell phone, remote sensing)  
In the last group the Internet must be highlighted as a special entity that can equally be a number one 
source (databases, consultancy web services, electronic administrative services) or a secondary 
intermediary of printed or electronic media (e.g. IPTV, video TV) and a means of personal 
communication. 
Most sources agree that combined sources are generally the most effective, or those that fit in with the 
previous information-acquisition practice of the farmers (who typically measure the new sources against 
the old ones and has little faith in the new means at first). At the same time, there are some special types 
of new information that can be employed effectively only through particular channels. 
In addition to the type of channel used, the quality of information is of vital importance since its 
“usefulness” is determined by several criteria which are mostly determined by the perception of the 
decision-maker. There are several types of knowledge and information that are irrelevant under given 
circumstances (the diverse social, economic and environmental conditions of the rural communities might 
require specific knowledge/ and competences, Knight and Wilkin, 2004), and this can be a problem for 
example with decision support systems based on generic models possibly offering solutions that are at 
variance with the farmers’ own experience. Generalised information is often unsuitable, while relevant 
knowledge is often inaccessible to farmers since it is not converted into a consumable form, or an 
accessible information system. There might be asymmetries in the supply chain between the knowledge of 
the various players, which can even be intentional.      
The main characteristics of quality information are therefore relevance, accuracy, comprehensiveness 
and timeliness. Of these timeliness/up-to-datedness is regarded as being the most important by many 
people: information that arrives late is often useless, even if it would otherwise satisfy the needs of the 
farmer. The timing of information is of critical importance especially in the case of daily or other short-
term decisions but less so during strategic, long-term planning.  
The survey of Yongling (2004) highlights the importance of requirements towards information, 
stressing that poor quality, outdated, inaccurate or incomplete information poses a problem, mainly 
because farmers cannot distinguish between “good” and ”bad” information, which the author mainly links 
with a low level of education. This problem is a complex one, and as such it includes one of the central 
issues of information management in general: that of information literacy. 
3. Working with information: information literacy 
Models used in the area of agricultural informatics confirm that in a “text book type” farm the farm 
manager approaches his information needs, the cost of the information and alternative sources at system 
level and in a systematic way, and is able to recognise information necessary for decision making. 
Furthermore, he consciously applies and builds the latest information technologies into his everyday work. 
For this reason we should have a look at information literacy, which provides an accurate description of 
the main characteristics of the aforementioned process. 
The concept of information literacy appeared as a result of the technological development in the 1970s. 
In the past thirty years the term was broadened and extended with new layers of meaning added to it, 
while at the same time it was limited in its use (it is increasingly restricted to computer and/or Internet 
usage). Information literacy is not the competence to use certain devices or equipment but the skill to 
access and use information. 
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Today most people look at information literacy as a kind of computing competence and the ability to 
manage information gained from the Internet (in effect, they use it for internet literacy). One of the early 
appearances of the “information literacy” was in 1974 (Zurkowski, 1974). The term was closely 
associated with educational reform (mostly that in the United States), and it was used to mean the efficient 
use of information already at the outset. In 1976 Burchinal (Behrens, 1994; Bawden, 2001) defined 
information literacy as a set of skills, dividing it into three levels:  1) skills that help to locate and use 
information; 2) the use of information for problem solving and decision making (as it could be seen, 
previous approaches focused on this level); 3) efficient and effective information location and utilisation. 
Later theoreticians of information literacy practically broadened and refined Burchinal’s division, 
according to their individual concept. 
Thus, the development of information literacy not only entails the use of technical tools but also the 
development of a way of thinking aimed at the consciously planned realisation of interests. Since 
information literacy means realising lack of information, looking for it, locating and processing it and then 
using it responsibly, it is evident that its development also includes that of critical thinking. Applied to 
agriculture, the truth of this statement was indicated by Öhlmer, who in the early 1990s pointed out that a 
tool in itself is not capable of performing a miracle and the individual using the tool plays the key role: he 
claims that no fundamental change takes place in information processes by computerisation since that 
alone only adds a certain level of comfort to these processes (Öhlmer, 1991).  
Information literacy is the skill to access information and uses it for value creation, and an individual 
can be regarded as information literate if he recognises when he needs information. Information literacy is 
possessed by those who have learnt how to learn. It can be seen that information literacy requires and 
demands several skills from the conscious citizens of the digital world (Table 1.). Never before in human 
history have these skills been expected of everyone; such expectations typically concerned the members of 
the intellectual elite. However, since the world of today is determined by the presence, lack, value and 
authenticity of information and the speed of its flow, these skills have become important for everybody, 
including those working in agriculture.  
Table 1. Information literacy skills (Source: Rab, 2008 via Eisenberg, M. & Berkowitz, L., 1990) 
Defining the task, 
realising lack of 
information 
Interpreting the task, identifying the information necessary for the 
completion of the task, and being able to determine why particular 
information is missing and how important it is. Formulating the question 
needed to acquire the information also belongs to this skill. The information 
sought can be accessible in many platforms (in print, digitally, on some data 
storage device or even on TV); what is more, a friend or another farmer might 
also have it. The scale of energy input required for the acquisition of the 
information must be determined and whether it is in proportion to its 
importance. 
The strategy of 
acquiring 
information 
Accessible sources must be identified: where are the necessary sources of 
information, how can they be accessed, when can they be used? This skill 
includes the competent use of the various information sources: when should 
information be sought in printed media and when in an online database? In 
agriculture the role of routinely used channels is outstanding – this is partly 
connected to trust and partly to less energy that needs to be invested. It is 
important to note that from the point of view of information strategy it 
represents an obstacle to finding the optimal channel. 
Location and 
access 
Accessible sources must be identified. Where can these information 
sources be found, how can they be accessed and when can they be used? This 
skill includes the competent use of the various information sources: when 
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should information be sought in printed media and when in an online 
database? ICT tools usually have an advantage in this regard: online services 
are accessible non-stop and at lower transaction costs. 
Using 
information 
The skill to look for information effectively in the appropriate sources 
belongs here. It must be recognised that the required information has been 
located, and the user must know when the search can or must be stopped. It is 
important to be able to access the value (authenticity, accuracy, etc.) of the 
acquired information. A critical approach to assessing information might 
prevent the search from going off track or leading to false information. This is 
the dimension that Yongling (2004) also mentioned. 
Synthesising 
This is the level of analysing and working with the acquired information. 
Being able to analyse is not enough, but new knowledge, and understanding 
must be reached. It is important to be able to display results, which in practice 
most often entails the understanding, comparison, combining, annotating and 
goal-oriented use of information, and in agriculture it is most often the best 
possible harmonisation of the local and the global “environments”. 
Evaluating 
The highest level skill is to ensure that acquired information and processed 
knowledge is stored, retrievable and can later be used. This practically means 
the continuous management of our own data. 
These levels are logically built on one another and entail the skill to handle information and knowledge 
of how to learn. The first chapter already showed the huge amount of information that needs to be tackled 
in agriculture for successful operation, while it must also be seen that all the six steps are not carried out in 
every case either by those with low or high information literacy. 
As Hill (2009) states: “As individuals, farmers have their favoured information sources, which they use 
depending on the specific information being sought. The amount of information collected depends on the 
complexity of the task and the importance of the decision.” The context, the channel, the type of 
information, the access to information and the farmer’s experience and personal preferences are in close 
relation.  Therefore, information flow must be studied in its complexity, at different levels and in detail. 
(e.g. Fountas et al., 2006; Nash et al.,2009). The significant differences between European farms (in 
regard to size, type, culture and numerous other factors) each influence decision making processes and 
information strategies (e.g. Öhlmer et al., 1998). 
4. Information literacy, ICT and the diffusion of innovation in agriculture 
“The importance of the Internet is growing, both as a source of information and as a vehicle for 
transactions. It is likely that businesses working outside this system will lose competitiveness”  
“Information management may become easier, timelier, and generally provide greater value through 
computerised information system use.” 
Harkin’s research (s.a.) shows that the diffusion of ICT opens up the following opportunities.  
Information technologies are regarded in the following list as mediating channels and a vehicle for new 
services. 
 timelier, more comprehensive information 
 accessing a new type of information 
 several competing information sources 
 single window access 
 easy exchange and discussion of information ideas 
 easier cooperation and access to other farmers and experts 
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Despite these “common” opinions, ICT take-up in agriculture remains low. It is important to research 
the various aspects of adoption of new information technology, and also not only the use, but the 
“effective use” of it (Gurstein, 2003). It is important to distinguish between the opportunities for digitally-
enabled activity presented by ICT access from the actual realization of those opportunities in the form of 
“effective use”. 
It goes without saying that a region cannot be characterised in a single dimension but only from the 
perspective of farming, and this is also true for a family making their living from agriculture in a given 
rural area. This is indicated by the last two bullet points of the above list which are especially noteworthy 
in cases where great distances can be bridged thanks to IT services offered in the areas of eGovernment, 
eHealth or eLearning. Several studies on the Internet and information technology have established the 
importance of other characteristics (e.g. having children in a farming family) in regard to ICT take-up, but 
the literature of agricultural informatics also often mentions the positive influence of a workplace outside 
the farm on ICT use. 
In addition, the five factors established by Rogers as influencing the diffusion of innovation also play 
an important part. Rogers (1962) defines several intrinsic characteristics of innovations that influence an 
individual’s decision to adopt or reject an innovation. The relative advantage is how improved an 
innovation is over the previous generation. Compatibility is the second characteristic, the level of 
compatibility that an innovation has to be assimilated into an individual’s life. The complexity of an 
innovation is a significant factor in whether it is adopted by an individual. If the innovation is too difficult 
to use an individual will not be likely to adopt it. The fourth characteristic, trialability, determines how 
easily an innovation may be experimented with as it is being adopted. If a user has a hard time using and 
trying an innovation, this individual will be less likely to adopt it. The final characteristic, observability, is 
the extent to which that an innovation is visible to others. An innovation that is more visible will drive 
communication among the individual’s peers and personal networks and will in turn create more positive 
or negative reactions.” 
According to Offer (2005), the perceptible profit might be the greatest obstacle or promoter of ICT 
take-up in agriculture, along with the proportion in the use of resources required and the realisable 
advantages. Systems and information sources are not expected to offer the benefits dreamed up by their 
designers but instead to satisfy the needs of their users, which leads on to the issue of compatibility. 
Nuthall’s research in 2004 established that computer use does not guarantee increased profitability. The 
situation, however, is more complex than this. It cannot be excluded that in the Australian farms he 
studied the tools of “mental management” could have produced the same growth. At the same time 
numerous farmers he surveyed said that they found the computer useful and that the newly adopted 
practice of data collection and systematisation had a tangible impact on their previous decision making 
processes (Nuthall, 2004). In this case the relative advantage offered by ICT use was primarily a relative 
and not a directly economic one. It must be noted here that of all the economic benefits afforded by ICT 
use literature primarily focuses on transaction costs.  
Another finding by Nuthall is that the diffusion of solutions better suited to already existing 
information management systems is faster, thus highlighting the importance of compatibility. 
Furthermore, if the use of an ICT tool brings advantages for an individual, there is a greater chance that 
those in his environment will chose the new solution. This calls attention to the importance of 
observability. 
Another potential source of problem with currently used agricultural IT management systems is 
interoperability, i.e. transferring information between systems, which mainly raises the problem of 
excessive complexity, which is accompanied by the lack of user-centeredness in development guidelines 
applied to the design of IT and decision support systems.      
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The community aspect and interactivity (resulting from the fundamentally communication-based 
nature of Rogers’s diffusion of innovations theory) is manifested in observability and triability (there are 
several examples of the latter in agriculture: for example, basic ingredient manufacturers often provide 
product samples for farmers). Networks and various partnerships serve as an important domain for seeking 
and selecting information (Colliver, 2001). Similarly, farmers’ learning processes are predominantly more 
efficient in groups (Kilpatrick et al, 2003). As active members of a group individuals adopt new 
innovation easier, which is not surprising since they are in effect the starters of the Rogers diffusion 
process. “Open-minded” farmers (or those who actively seek information (events, consultants, clubs, 
periodicals) are more likely to use the Internet. Farmers who are fully information literate are bound to use 
the Internet with the only differences being perceptible in regard to the pattern and intensity of use. They 
are the starting point of the diffusion of ICT use. 
Based on Harkin, Offer and others it can be concluded that since the late 1970s and early 1980s service 
and technology developers have been making the same mistake, i.e. they fail to satisfy user needs, which 
is a key challenge in the area. Access to information/knowledge must be made more flexible, which 
should include gathering information about the potential users’ needs and problems as well as offering 
them consultation opportunities. This problem is not specific to agricultural IT developments since it 
spans the close to ten years (i.e. almost the entire period) of European eGovernment development projects 
for example.  
Farmers have not yet been encouraged as obviously and successfully to change their approach to 
information management as it could have been expected based on the technical “potentials” (Nuthall, 
2006). Nuthall also points out that since the farmer is an essential component in the “information system” 
of a farm, the decision to use ICT often depends on the personal characteristics of the farmer, such as his 
or her personality, experience, age, education, goals and objectives. 
5. The aspects of using ICT in farm management 
Alvarez and Nuthall (2006) summarised earlier literature and tried to set up a model in which they 
collected the factors influencing the adoption of new software (Figure 2.). 
Mainly based on Apps and Iddings (1990) as well as Taragola and Van Lierde (2010), a more detailed 
picture can be drawn:  
 Farmer’s characteristics (age, experience, personality, education) 
 Community culture (network, associations)  
 Farm characteristics (size, type, geography)  
 Goals and objectives (attitude towards learning) 
 Decision making and information management style (time, information sources ( number, intensity 
in use), extension usage, support from the outside) 
 Other element: trust 
As a rule of thumb, based on Nuthall it can be stated that with great probability farmers will keep 
seeking and collecting information until they actually feel that the cost incurred by continuing the 
search will exceed the benefits that can be secured by the information attained. However, this 
“marginal utility” approach is made more complex if we consider the knowledge base and experience 
of a farmer at any given time (e.g. if we apply this logic young farmers might need more information). 
At the same time it must be remembered that since it is difficult to attach economic value to 
information, the search process will mostly depend on the perception of the farmers, which means that 
the proportion of intuitive decisions is likely to increase significantly with experience (at least under 
the given circumstances).  
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Figure 2. The factors influencing the adoption of new software (Alvarez and Nuthall, 2006) 
Based on the above and what has been said prior to this, for those farmers who are open to learning and 
have no gap in their knowledge in regard to the applications (i.e. shares the opinion of the developers 
about the given system) and clearly take advantage of the use of the given application a straight path leads 
to IT use. 
6. Conclusion 
Surprisingly enough, the factors influencing ICT use have barely changed in the last 30 years, since 
personal computers have become commercially available. More or less one can find the same old stories 
regarding computers, decision support systems (DSS) and internet-usage: the background of the farmer 
(demographic and other variables), the characteristics of the farm (size, complexity etc.), the cultural 
background and the local community. Every farm is different and the information strategy of every farmer 
is different so it is really hard to find solutions that fit in with the processes of the majority of the farms 
and farmers. One size does not fit all or even come anywhere close to it.  
If ICT use is not coupled with critical thinking and a clear concept, the desired results and a positive 
impact on farm management cannot be achieved, what is more, damage can be caused as happened in the 
case of industrial methods adopted without a critical approach. One of the key issues in regard to the 
diffusion of IT applications is the assessment of the information needs at any given time (Rockart, 1979). 
Only by targeting these needs (possibly after latent needs are explored and defined) can developments 
bring success. If this is accompanied by easy usability, trust and economic advantages, it can be expected 
that these applications and tools will be used, however, the characteristics of the given farm and the 
personal characteristics and attitude of the farm manager will play a significant role. 
The above focuses attention on the fact that the study of these phenomena must be carried out in the 
given environment: just as agriculture is inseparable from the soil and the place, the exploration of 
information-intensive agriculture is mainly a local, regional and country-wide task, since several cultural, 
legal and historical factors come into play at these levels. 
After carefully considering past experiences it must be said that in order to finally fulfil the potential of 
communication technology (and speed up information processes) we have to use the oft cited user-centric 
approach during the development of new applications, involving the farmers (bottom up) or at least define 
user groups or information patterns of farmers in a country or a region. One thing cannot be forgotten: 
there always will be farmers who can not adopt ICT for various reasons (not perceived usefulness, 
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complexity, preferring different information channels etc. etc.) even if it looks like it would be an 
advantage for them. There are other ways for them to utilise the benefits of the technology, for example 
through intermediaries (Csótó and Herdon, 2009). ICT-usage among farmers can be the way but not the 
goal itself.  
To sum up, information-intensive agriculture is fundamentally determined by information, knowledge 
and the decision-making farmers, in effect the human factor; therefore, studies aimed at the improvement 
of the situation of agriculture with ICT tools must be centred on the human element (and information).   
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